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Abstract 
The objective of this study was to determine the effects of amino acid (AA) and energy intake during late 
gestation on piglet birth weight and reproductive performance of high-performing gilts and sows housed 
under commercial conditions. At d 90 of gestation, a total of 1,102 females (PIC 1050) were housed in 
pens by parity group (P1 or P2+), blocked by weight within each pen, and each female was randomly 
assigned to dietary treatments within weight block. Dietary treatments consisted of combinations of 2 
standardized ileal digestible (SID) AA (10.7 or 20.0 g SID Lys intake/d with other AA meeting or exceeding 
the NRC [2012] recommendations as a ratio to Lys) and 2 energy intakes (4.50 or 6.75 Mcal/d intake of 
NE) in a 2 × 2 factorial arrangement. Data were analyzed using generalized linear mixed models with 
parity group and dietary treatments as the linear predictor and random effects of pen as the experimental 
unit for parity and the individual female as the experimental unit for dietary treatments. With high energy 
intake, the magnitude of BW gain during late gestation was greater (AA × Energy, P < 0.001) with 
increasing AA intake compared with increasing AA at low energy intake. Gilts gained more weight at low 
energy intake than sows (parity × energy, P < 0.001); however, there was no evidence for differences (P = 
0.601) in weight gain between gilts and sows at high energy intake. Sows fed high-energy intake had 
marginally reduced probability of piglets born alive (parity × energy, P = 0.092) compared with sows fed 
low energy, but no evidence for differences in gilts was observed. This was due to the increased 
probability (parity × energy, P = 0.014) of stillborns to be higher in sows fed high energy intake. There was 
no evidence for differences between the dietary treatments for litter birth weight and individual piglet birth 
weight of total piglets born. However, individual born-live birth weight was heavier (P =0.011) for females 
fed high-energy intake treatments compared to those with low energy intake. Born-alive piglets from sows 
were heavier (P < 0.001) than those from gilts. There was a lower probability (P = 0.034) of pre-weaning 
mortality for females fed high AA intake compared to low AA intake, regardless of energy level. There was 
no evidence for differences between the dietary treatments on farrowing rate, number of total piglets 
born, and percent of piglets born alive in the subsequent cycle. In conclusion, 1) body weight gain of gilts 
and sows depends not only on energy but also AA intake, 2) sows fed an increased amount of energy had 
increased stillborn rates, 3) the positive effect of increased amount of feed during late gestation on 
individual piglet birth weight, 30 g per pig, was due to energy rather than AA intake. 
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Effects of Amino Acid and Energy Intake 
During Late Gestation on Piglet Birth 
Weight and Reproductive Performance  
of Gilts and Sows Housed Under 
Commercial Conditions1
M. A. D. Gonçalves2, K. M. Gourley, S. S. Dritz2, M. D. Tokach,  
N. M. Bello3, J. M. DeRouchey, J. C. Woodworth, and R. D. Goodband
Summary
The objective of this study was to determine the effects of amino acid (AA) and ener-
gy intake during late gestation on piglet birth weight and reproductive performance 
of high-performing gilts and sows housed under commercial conditions. At d 90 of 
gestation, a total of 1,102 females (PIC 1050) were housed in pens by parity group (P1 
or P2+), blocked by weight within each pen, and each female was randomly assigned to 
dietary treatments within weight block. Dietary treatments consisted of combinations 
of 2 standardized ileal digestible (SID) AA (10.7 or 20.0 g SID Lys intake/d with other 
AA meeting or exceeding the NRC [2012] recommendations as a ratio to Lys) and 2 
energy intakes (4.50 or 6.75 Mcal/d intake of NE) in a 2 × 2 factorial arrangement. 
Data were analyzed using generalized linear mixed models with parity group and dietary 
treatments as the linear predictor and random effects of pen as the experimental unit 
for parity and the individual female as the experimental unit for dietary treatments. 
With high energy intake, the magnitude of BW gain during late gestation was greater 
(AA × Energy, P < 0.001) with increasing AA intake compared with increasing AA 
at low energy intake. Gilts gained more weight at low energy intake than sows (parity 
× energy, P < 0.001); however, there was no evidence for differences (P = 0.601) in 
weight gain between gilts and sows at high energy intake. Sows fed high-energy intake 
had marginally reduced probability of piglets born alive (parity × energy, P = 0.092) 
compared with sows fed low energy, but no evidence for differences in gilts was ob-
served. This was due to the increased probability (parity × energy, P = 0.014) of still-
borns to be higher in sows fed high energy intake. There was no evidence for differences 
between the dietary treatments for litter birth weight and individual piglet birth weight 
of total piglets born. However, individual born-live birth weight was heavier (P = 
1 Appreciation is expressed to Hord Livestock Company (Bucyrus, OH) for providing the animals and 
research facilities, and to Ryan Hughes, Jason Dunfee, and Matt Davis for technical assistance.
2 Department of Diagnostic Medicine/Pathobiology, College of Veterinary Medicine, Kansas State 
University.
3 Department of Statistics, College of Arts and Sciences, Kansas State University.
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0.011) for females fed high-energy intake treatments compared to those with low ener-
gy intake. Born-alive piglets from sows were heavier (P < 0.001) than those from gilts. 
There was a lower probability (P = 0.034) of pre-weaning mortality for females fed high 
AA intake compared to low AA intake, regardless of energy level. There was no evidence 
for differences between the dietary treatments on farrowing rate, number of total piglets 
born, and percent of piglets born alive in the subsequent cycle. In conclusion, 1) body 
weight gain of gilts and sows depends not only on energy but also AA intake, 2) sows 
fed an increased amount of energy had increased stillborn rates, 3) the positive effect of 
increased amount of feed during late gestation on individual piglet birth weight, 30 g 
per pig, was due to energy rather than AA intake.
Key words: amino acids, birth weight, energy, gilt, sow
Introduction
The increase in litter size over recent decades has reduced the uterine space available 
for fetal growth and development, thus reducing individual piglet birth weight. Con-
sequently, lower birth weight reduces piglet survivability, wean weight, and market 
weight. However, few nutritional options have been identified to mitigate reduced birth 
weight. There is evidence that increasing feed intake in late gestation improves piglet 
birth weight (Cromwell et al., 19894, Shelton et al., 20095, Soto et al., 20116). However, 
the effect of increased amounts of feed offered during late gestation on piglet birth 
weight in high-performing herds (> 14.5 total piglets born/sow) is unclear. Further, be-
cause all studies reported increased feed intake, which increased both energy and amino 
acids (AA), it is unclear if the influences on piglet birth weight are due to dietary AA 
or energy content. The objective of this study was to determine the effects of AA and 
energy intake during late gestation on piglet birth weight and reproductive performance 
of high-performing gilts and sows housed under commercial conditions. The hypothesis 
was that both maternal dietary AA and energy in the late gestation period would affect 
piglet birth weight.
Procedures
The Kansas State University Institutional Animal Care and Use Committee approved 
the protocol used in this experiment. The experiment was conducted at a commercial 
sow farm in northern Ohio during the summer. Females were individually housed from 
d 0 to 40 of gestation, and then were group-housed (20 and 18 sq. ft/animal for gilts 
and sows, respectively) from d 40 to 111 of gestation. Each group pen was equipped 
with an electronic sow feeding station (Schauer, Prambachkirchen, Austria) and two 
cup waterers. All females had ad libitum access to water.
From d 0 to 89 of gestation, females were fed a common diet with 0.59% standardized 
ileal digestible (SID) Lys according to body condition: Thin, ideal, and fat females were 
4 Cromwell, G. L., D. D. Hall, A. J. Clawson, G. E. Combs, D. A. Knabe, C. V. Maxwell, P. R. Noland, D. 
E. Orr, and T. J. Prince. 1989. Effects of Additional Feed during Late Gestation on Reproductive Perfor-
mance of Sows: A Cooperative Study. J Anim Sci 67:3–14.
5 Shelton, N. W., C. R. Neill, J. M. DeRouchey, M. D. Tokach, R. D. Goodband, J. L. Nelssen, and S. S. 
Dritz. 2009. Effects of increasing feeding level during late gestation on sow and litter performance. In: 
Kansas State University. Agricultural Experiment Station and Cooperative Extension Service. Swine Day 
2009, SRP 1020:38–50.
6 Soto, J., L. Greiner, J. Connor, and G. Allee. 2011. Effects increasing feeding levels in sows during late 
gestation on piglet birth weights. J. Anim. Sci. 89:86 (Abstr.).
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fed 7.0, 4.4, and 4.0 lb/d, respectively. To be eligible for enrollment in the experiment, 
at d 90 of gestation females must not have: 1) returned to estrus during the previous 
cycle, 2) had an abortion during the previous cycle, 3) moderate or greater severity 
lameness, or 4) body condition score less than 2. At d 90 of gestation, a total of 1,102 fe-
males (PIC 1050, Hendersonville, TN; 741 gilts and 361 sows) were housed in pens by 
parity group (P1 or P2+), blocked by weight within each pen, and each female was ran-
domly assigned to dietary treatments within weight block. The average parity for P2+ 
(sows) after farrowing was 4.1 ± 1.9 cycles (mean ± SD). Dietary treatments consisted 
of combinations of 2 SID AA intakes (10.7 or 20.0g SID Lys/d and other AA met or 
exceeded the NRC [2012] recommendations as a ratio to Lys) and 2 energy intakes 
(4.50 or 6.75 Mcal/d intake of NE) in a 2 x 2 factorial arrangement. All other nutrients 
met or exceeded the NRC (2012) recommendations.
Two diets were formulated (Table 1) and delivered at 4 different ratios and intake levels 
to achieve the desired dietary treatments for the 2 × 2 factorial (Table 2). Diets were 
balanced on a Ca to standardized total tract digestible (STTD) P ratio basis. Phytase 
was included in both diets with release considered to be 0.12% for STTD P. No AA 
release was considered for phytase.
At d 111 of gestation, females were moved to the farrowing house and fed 8.0 lb/d of a 
common lactation diet with 1.25% SID Lys provided until farrowing and then pro-
vided the same diet ad libitum thereafter. Both gestation and lactation diets were corn-
soybean meal-based and presented in meal form. After weighing individual piglets, litter 
size was equalized regardless of dietary treatment.
On the subsequent cycle, no dietary treatments were applied, and females were fed a 
common diet with 0.59% SID Lys according to body condition. Thin, ideal, and fat fe-
males were fed 7.0, 4.4, and 4.0 lb/d, respectively, until d 90 of gestation, and then feed 
allowance was increased by 2.0 lb/d for thin and ideal condition females.
Prior to diet formulation, 5 samples of corn and soybean meal were submitted for proxi-
mate and total AA analysis. The analyzed values were used in formulation in conjunc-
tion with NRC (2012) digestibility coefficients. Samples of the diets were submitted for 
analysis of DM, CF, ash, crude fat, Ca, and P (Ward Laboratories, Inc., Kearney, NE). 
Diet samples were taken from each electronic feeding station twice a week, and then CP 
and total AA analyses were conducted in duplicate on composite samples (Ajinomoto 
Heartland Inc., Chicago, IL). Feeding station calibration was monitored twice a week 
by weighing 10 samples from each dispenser in each station.
Data were analyzed using generalized linear mixed models with parity group and dietary 
treatments as the linear predictor and random effects of pen as the experimental unit 
for parity and the individual female as the experimental unit for dietary treatments. 
Models of non-normal responses were initially fitted with Laplace method of approxi-
mation to evaluate for overdispersion (Stroup, 2012)7. Then, models were fit using the 
restricted maximum likelihood estimation for inference. Response variables were fitted 
accordingly with distribution. Bonferroni adjustment was used for multiple compari-
7 Stroup, W. W. 2012. Generalized linear mixed models: modern concepts, methods and applications. 
CRC Press, Boca Raton, FL.
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sons. Statistical models were fitted using the GLIMMIX procedure of SAS (SAS In-
stitute Inc., Cary, NC). Results were considered significant at P ≤ 0.05 and marginally 
significant at 0.05 < P ≤ 0.10.
Results and Discussion
Chemical analysis of feed was similar to formulated values (Table 3). In sows and gilts 
fed high-energy intake, the magnitude of BW gain was greater with increasing AA 
intake (Fig. 1A) compared to increasing Lys intake at low-energy intake (AA × energy, 
P < 0.001; Tables 4 and 5). Gilts gained more weight at low energy intake than sows 
(Fig. 1B; parity × energy, P < 0.001); however, there was no evidence for differences 
(P = 0.601) in weight gain between gilts and sows at high-energy intake.
There was no evidence of differences in the number of piglets total born between the 
dietary treatments. However, sows had an increased number (P < 0.001) of total piglets 
born, as compared with gilts. Sows fed the high-energy intake had marginally reduced 
probability of piglets born alive (parity × energy, P = 0.001), but there was no evidence 
for differences in gilts. This was due to the increased probability (parity × energy, P = 
0.014) of stillborns to be greater in sows fed high-energy intake (Fig. 2). The probability 
of stillborns was reduced (P = 0.049) in females fed high AA intake. There was a AA × 
energy × parity (P = 0.047) interaction: Sows fed low-energy and high-AA intake had 
increased probability of mummified fetuses, as compared to sows fed low-energy but 
low-AA intake.
Considering the total number of piglets born, litter birth weight and individual pig-
let birth weight were heavier in sows (P < 0.001) than gilts, with marginally greater 
(P = 0.091) within-litter birth weight CV in females fed high energy compared to low 
energy, independent of parity. Within-litter birth weight, CV was greater (P < 0.001) 
in sows than gilts. However, there was no evidence for differences between the dietary 
treatments for litter birth weight and individual piglet birth weight of total piglets born.
When litter birth weight and individual birth weight for piglets born alive were consid-
ered, weights were heavier in sow litters (P < 0.001) compared to gilt litters. Individual 
born-alive birth weight (Fig. 3) was heavier (P = 0.011) for females fed the high-energy 
intake compared to low-energy intake fed females, regardless of AA intake or parity. 
Born-alive piglets from sows were heavier (P < 0.001) than those from gilts. There was 
no evidence for differences in the within litter birth weight CV between the dietary 
treatments. Within-litter birth weight CV was greater (P < 0.001) in sows than gilts.
Piglets suckling from females fed high AA intake showed a lower percentage 
(P = 0.034) of pre-weaning mortality (PWM) compared to those born to females fed 
low AA intake during late gestation, regardless of energy level.
There was no evidence of differences in lactation length between dietary treatment or 
parity. The percentage of females bred 7 d after weaning was greater (P < 0.001) for 
sows than for gilts due to shorter (P < 0.001) wean-to-estrus interval (WEI) in sows 
compared to gilts. However, there was no evidence for differences in percentage of 
females bred by 7 d after weaning or WEI between the dietary treatments.
Kansas State University Agricultural Experiment Station and Cooperative Extension Service
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There was no evidence for differences on subsequent farrowing rate between the dietary 
treatments or parity level. Sows had greater (P < 0.001) number of total piglets born 
compared to gilts on the subsequent cycle. However, gilts had increased (P < 0.004) 
probability of more piglets born alive compared to sows on the subsequent cycle. There 
was no evidence for differences between the dietary treatments on the number of total 
pig lets born, and probability of born-alive piglets on the subsequent cycle. However, 
when stillborns were analyzed separately from mummified fetuses, females fed high 
energy had lower (P = 0.040) probability of stillborn piglets in the subsequent cycle 
compared to those fed low energy.
In conclusion, 1) body weight gain of gilts and sows depends not only on energy but 
also AA intake, 2) sows fed increased amount of energy had an increased stillborn rate, 
3) pre-weaning mortality was reduced in piglets suckling from females with high AA 
intake, and 4) the positive effect of increased amount of feed during late gestation on 
individual piglet birth weight, 30 g per pig, was due to energy rather than AA intake.
Kansas State University Agricultural Experiment Station and Cooperative Extension Service
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Soybean meal (46% CP) 8.06 33.59
Monocalcium phosphate 1.60 1.25
Limestone 1.50 1.45
Salt 0.50 0.50
L-Lysine HCl 0.045 0.045
DL-Methionine --- 0.200
L-Threonine 0.035 0.210
Choline chloride 60% 0.100 0.100













NE, kcal/lb 1,144 1,082
CP, % 11.2 21.5
Ca, % 0.85 0.86
P, % 0.62 0.66
Available P, % 0.52 0.48
Stand. Total Tract Dig. (STTD) P, % 0.52 0.52
Ca:STTD P 1.64 1.64
1 Diets were fed from d 90 to 111 of gestation. Corn and soybean meal were analyzed for total AA content prior to 
diet formulation, and NRC (2012) SID digestibility values were used in the diet formulation.
2 Quantum Blue 2G (AB Vista Feed Ingredients, Marlborough, UK) provided 318 FTU/lb of diet with a release of 
0.12% STTD P.
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Table 2. Experimental dietary treatment structure1
Amino acid intake: Low High
Energy intake: Low High Low High
Item                          Delivered ratio2, %: 71/29 100/0 0/100 50.5/49.5
Feed allowance, lb/d 3.99 5.91 4.17 6.06
Energy, Mcal NE/d 4.50 6.75 4.50 6.75
Lysine, g SID Lys/d 10.7 10.7 20.0 20.0
1 Dietary treatment structure based on the two diets presented in Table 1.
2 Delivered ratio between 0.40% and 1.06% SID Lys diets to achieve the desired dietary treatments on an intake/d 
basis.
Table 3. Chemical analysis of the diets (as-fed-basis)1
Amino acid intake: Low High
Energy intake: Low High Low High
Proximate analysis, %
DM 89.3 (87.4) 89.3 (87.2) 90.1 (88.0) 89.8 (87.6)
CP 13.6 (14.2) 10.4 (11.2) 20.9 (21.5) 15.9 (16.3)
Crude fiber 1.6 (2.2) 1.6 (2.1) 2.1  (2.5) 1.9 (2.3)
Ca 0.84 (0.85) 0.74 (0.85) 0.79 (0.85) 0.78 (0.85)
P 0.59 (0.63) 0.59 (0.62) 0.64 (0.66) 0.64  (0.64)
Fat 2.6 (3.0) 2.5 (3.2) 2.8 (2.7) 2.5 (2.9)
Ash 4.5 (5.1) 4.0 (4.9) 5.1 (5.8) 4.5 (5.3)
Total amino acids, %
Lys 0.66 (0.69) 0.48 (0.48) 1.14 (1.21) 0.81 (0.84)
Ile 0.50 (0.52) 0.38 (0.38) 0.84 (0.87) 0.61 (0.62)
Leu 1.16 (1.22) 0.96 (1.00) 1.67 (1.74) 1.32 (1.37)
Met 0.26 (0.29) 0.18 (0.19) 0.45 (0.54) 0.31 (0.36)
Met & cys 0.48 (0.52) 0.36 (0.38) 0.76 (0.85) 0.56 (0.61)
Thr 0.54 (0.56) 0.40 (0.39) 0.92 (0.98) 0.65 (0.68)
Trp 0.13 (0.14) 0.12 (0.10) 0.24 (0.26) 0.17 (0.18)
Val 0.59 (0.59) 0.47 (0.45) 0.90 (0.94) 0.69 (0.69)
His 0.34 (0.39) 0.26 (0.31) 0.52 (0.58) 0.38 (0.45)
Phe 0.63 (0.69) 0.49 (0.54) 1.00 (1.05) 0.75 (0.79)
1 Diet samples were taken from each electronic feeding station twice a week, and then CP and total AA analyses 
were conducted in duplicate on composite samples by Ajinomoto Heartland Inc. (Chicago, IL).
2 Values in parentheses indicate those calculated from diet formulation and are based on values from NRC, 2012 
(Nutrient Requirements of Swine, 11th ed. Natl. Acad. Press, Washington, D.C.) with the exception of total AA 



















Table 4. Least square mean estimates (and corresponding SEM) for reproductive performance of gilts and sows fed different lysine and energy intake levels 
during late gestation under commercial conditions1
Gilts Sows
SID Lysine2, g/d: 10.7 20.0 10.7 20.0 10.7 20.0 10.7 20.0 Probability, P< 
AA × Energy  
× ParityItem          Net energy, Mcal/d: 4.50 4.50 6.75 6.75 4.50 4.50 6.75 6.75
ADFI d 90 to 111, lb 4.0 ± 0.02 4.0 ± 0.02 5.7 ± 0.02 5.7 ± 0.02 4.0 ± 0.02 4.2 ± 0.02 6.0 ± 0.02 6.0 ± 0.02 0.608
BW d 90, lb 386.9 ± 3.33 385.1 ± 3.33 386.5 ± 3.35 386.5 ± 3.33 501.1 ± 4.87 501.3 ± 4.83 497.8 ± 4.85 504.2 ± 4.89 0.463
BW gain d 90 to d 111, lb 29.5 ± 0.97 36.2 ± 0.97 40.6 ± 0.97 54.0 ± 0.97 23.1 ± 1.48 29.5 ± 1.48 40.8 ± 1.50 50.7 ± 1.48 0.128
Total piglets born, n 14.2 ± 0.22 14.1 ± 0.21 14.1 ± 0.22 14.2 ± 0.21 15.3 ± 0.34 14.8 ± 0.33 15.1 ± 0.32 15.5 ± 0.35 0.249
Born alive, % 94.6 ± 0.5 95.0 ± 0.5 93.6 ± 0.5 94.2 ± 0.5 93.3 ± 0.8 93.1 ± 0.8 89.6 ± 1.0 90.8 ± 1.0 0.569
Mummified fetuses, % 1.8 ± 0.28 1.7 ± 0.27 2.6 ± 0.36 2.5 ± 0.34 1.6 ± 0.36 3.0 ± 0.54 3.4 ± 0.57 2.8 ± 0.54 0.047
Stillborn, % 3.5 ± 0.40 3.2 ± 0.38 3.6 ± 0.40 3.2 ± 0.37 5.1 ± 0.69 3.7 ± 0.58 6.9 ± 0.83 6.1 ± 0.79 0.456
Total born (TB)
Litter birth weight, lb 39.7 ± 0.53 39.5 ± 0.53 39.2 ± 0.51 39.5 ± 0.51 45.6 ± 0.75 44.5 ± 0.75 45.4 ± 0.75 46.3 ± 0.77 0.453
Piglet birth weight, lb 2.76 ± 0.022 2.80 ± 0.022 2.82 ± 0.022 2.82 ± 0.022 3.00 ± 0.044 3.00 ± 0.044 3.04 ± 0.044 3.00 ± 0.044 0.885
Birth weight CV, % 20.2 ± 0.66 20.4 ± 0.65 21.7 ± 0.68 21.3 ± 0.67 25.6 ± 1.04 26.2 ± 1.05 27.3 ± 1.06 25.9 ± 1.07 0.610
Born alive
Litter birth weight, lb 37.9 ± 0.51 37.9 ± 0.51 37.7 ± 0.51 38.1 ± 0.51 43.2 ± 0.75 43.0 ± 0.75 42.1 ± 0.75 44.1 ± 0.77 0.405
Piglet birth weight, lb 2.82 ± 0.022 2.82 ± 0.022 2.87 ± 0.022 2.89 ± 0.022 3.00 ± 0.044 3.06 ± 0.044 3.09 ± 0.044 3.11 ± 0.044 0.489
Birth weight CV, % 18.0 ± 0.47 18.2  ± 0.47 18.5 ± 0.48 18.3 ± 0.47 23.9 ± 0.77 23.2 ± 0.75 23.2 ± 0.76 21.9 ± 0.77 0.955
Litter size after equalization, n 14.5 ± 0.30 14.4 ± 0.30 14.6 ± 0.30 14.3 ± 0.30 14.2 ± 0.42 13.7 ± 0.40 13.9 ± 0.44 14.0 ± 0.43 0.462
Piglets weaned, % 84.3 ± 0.82 86.5 ± 0.77 86.2 ± 0.78 86.4 ± 0.78 80.7 ± 1.31 81.5 ± 1.26 82.0 ± 1.35 83.2 ± 1.26 0.365
Pre-weaning mortality 
(PWM), %
10.3 ± 0.69 8.0 ± 0.61 8.9 ± 0.64 8.4 ± 0.63 13.7 ± 1.15 13.1 ± 1.11 13.3 ± 1.21 12.1 ± 1.11 0.254
Piglet removal rate, % 5.0 ± 0.55 5.2 ± 0.57 4.5 ± 0.52 4.9 ± 0.55 5.1 ± 0.82 5.00 ± 0.79 4.3 ± 0.77 4.3 ± 0.75 0.963
Lactation length, d 24.9 ± 0.27 24.9 ± 0.27 24.7 ± 0.46 24.0 ± 0.46 24.4 ± 0.41 24.1 ± 0.40 24.2 ± 0.72 24.2 ± 0.68 0.363
Wean-to-estrus interval, d 6.8 ± 0.43 5.9 ± 0.44 6.6 ± 0.45 6.2 ± 0.44 4.4 ± 0.71 4.2 ± 0.68 4.8 ± 0.77 4.9 ± 0.71 0.873
Females bred until 7 d after 
weaning, %



















Table 4. Least square mean estimates (and corresponding SEM) for reproductive performance of gilts and sows fed different lysine and energy intake levels 
during late gestation under commercial conditions1
Gilts Sows
SID Lysine2, g/d: 10.7 20.0 10.7 20.0 10.7 20.0 10.7 20.0 Probability, P< 
AA × Energy  
× ParityItem          Net energy, Mcal/d: 4.50 4.50 6.75 6.75 4.50 4.50 6.75 6.75
Subsequent performance
Farrowing rate, % 88.3 ± 2.88 88.4 ± 2.91 84.2 ± 3.36 88.6 ± 2.86 93.7 ± 3.20 93.9 ± 3.13 91.3 ± 3.96 87.1 ± 4.67 0.436
Total piglets born, n 13.2 ± 0.35 13.2 ± 0.35 13.0 ± 0.36 13.4 ± 0.35 14.7 ± 0.56 15.5 ± 0.56 15.5 ± 0.62 15.0 ± 0.59 0.208
Born alive, % 93.9 ± 0.64 93.4 ± 0.68 93.9 ± 0.67 94.3 ± 0.61 91.1 ± 1.12 91.6 ± 1.07 92.2 ± 1.1 92.0 ± 1.11 0.459
Mummified fetuses, % 1.8 ± 0.33 1.8 ± 0.34 2.4 ± 0.40 2.0 ± 0.35 1.7 ± 0.46 2.9 ± 0.60 3.1 ± 0.67 2.3 ± 0.57 0.250
Stillborn, % 4.3 ± 0.54 4.7 ± 0.58 3.8 ± 0.52 3.7 ± 0.48 7.0 ± 1.01 5.5 ± 0.86 4.7 ± 0.84 5.5 ± 0.92 0.172
1 A total of 1,105 females (PIC 1050) were used in a 21-d trial with 274 to 278 females per dietary treatment combination. Treatments were fed starting at d 90 of gestation and continued until d 111, at 
which time the sows were moved to the farrowing house and fed a common diet. 
2 Other AA met or exceeded the NRC (2012) recommendations as a ratio to Lys.
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Table 5. Probability values of the effects of different lysine and energy intake levels during late gestation on reproductive 
performance of gilts and sows under commercial conditions1
AA × Energy Parity × AA
Parity × 
Energy Parity AA Energy
ADFI d 90 to 111, lb 0.834 0.050 0.707 0.001 0.001 0.001
BW d 90, lb 0.230 0.187 0.856 0.001 0.438 0.926
BW gain d 90 to d 111, lb 0.001 0.131 0.001 0.028 0.001 0.001
Total piglets born, n 0.154 0.938 0.492 0.001 0.901 0.552
Born alive, % 0.483 0.718 0.092 0.002 0.261 0.001
Mummified fetuses, % 0.068 0.134 0.910 0.199 0.461 0.001
Stillborn, % 0.628 0.471 0.014 0.001 0.049 0.013
Total born (TB)
Litter birth weight, lb 0.189 0.795 0.241 0.001 0.904 0.489
Piglet birth weight, lb 0.546 0.446 0.643 0.001 0.993 0.365
Birth weight CV, % 0.266 0.792 0.533 0.001 0.678 0.091
Born alive
Litter birth weight, lb 0.145 0.459 0.954 0.001 0.184 0.945
Piglet birth weight, lb 0.602 0.641 0.743 0.001 0.292 0.011
Birth weight CV, % 0.674 0.466 0.204 0.001 0.522 0.564
Litter size after equalization, n 0.761 0.987 0.986 0.103 0.516 0.904
Piglets weaned, % 0.516 0.789 0.781 0.001 0.120 0.087
Pre-weaning mortality (PWM), % 0.494 0.443 0.882 0.001 0.034 0.356
Piglet removal rate, % 0.804 0.653 0.670 0.724 0.830 0.155
Lactation length, d 0.578 0.735 0.338 0.448 0.341 0.310
Wean-to-estrus interval, d 0.581 0.467 0.529 0.001 0.395 0.455
Females bred until 7 d after weaning, % 0.700 0.990 0.284 0.001 0.595 0.192
Subsequent performance
Farrowing rate, % 0.927 0.456 0.428 0.167 0.981 0.163
Total piglets born, n 0.578 0.859 0.819 0.001 0.710 0.830
Born alive, % 0.808 0.893 0.875 0.004 0.904 0.284
Mummified fetuses, % 0.080 0.501 0.975 0.220 0.976 0.212
Stillborn, % 0.450 0.682 0.921 0.012 0.974 0.040
1 A total of 1,105 females (PIC 1050) were used in a 21-d trial with 274 to 278 females per dietary treatment combination.































Figure 1A. Effects of different lysine and energy intake levels fed from d 90 to d 111 of 
gestation on BW gain of gilts and sows. Means with a different superscript within SID Lys 





























Figure 1B. Effects of different energy intake levels fed from d 90 to d 111 of gestation on 
BW gain of gilts and sows. Means with a different superscript within parity level differ  
(P < 0.05).





























Figure 2. Effects of different energy intake levels fed from d 90 to d 111 of gestation on 





























Figure 3. Effects of different energy intake fed from d 90 to d 111 of gestation on individu-
al born live piglet birth weight of gilts and sows.
